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(54) OPTICAL TRANSMITTER 
(5 7) Abstract: 

PROBLEM TO BE SOLVED: To prevent a case where the inter- 
code interference is easily caused on an optical fiber transmission 
line and at an optical transmitting/receiving part by modulating the 
intensity of continuous beams so as to make the phases of optical 
modulation signals corresponding to the 1st and 3rd levels of a 
differential signal be different from each other by n. 
SOLUTION: The preceding circuits 1 and T output the value of an 
exclusive OR between the NRZ(non-return-to-zero) differential 
signals inputted from the input terminals 14 and 14' and the 
signals obtained by delaying by one bit the value and the code 
value of the NRZ differential signals. The band pass filters 2 and 2' 
serving as the differential coding means generate the differential 
electric signal pulses of different polarities at the rise and fall 
points of the said exclusive OR value. Then a light intensity 
modulator 4 serving as a light intensity modulating means returns 
a differential electric pulse waveform around the 2nd level of a 
ternary differential electric signal in response to the differential 
electric signal pulses and also modulates the intensity of 
continuous beams so as to make the optical modulation signals 
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corresponding to the 1st and 3rd levels of the differential signal be different from each other by 7t. 
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[WS^^Ixl 2MNR Z (Non-Return-to-Zero)ffiM^t 
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•T'l; zi— KNRZit^^Sgc^^^LTyy KNRZft^ 




hsjiii} 



CO 
*-* 
oa 



IK 



1 

[fg*!! 1 ] N R Z (Non-Return- to-Zero) UMit-^^r 
N R Z mM.it ^-^R Z (Return- to-Zero) ^it^iiC^^-t 

N R z mmm%.it^(om.t ^^i^n r z Mmmmit-^^of^ 

[IS*II 2 1 N R Z (Non-Return-to-Zero)®^{t-^^ 
ZH^ft-^^R Z (Return-to-Zero)3tif -^-t-'^t^-t^^ 

^^A;^L. ^i^NRZmm^t-^-Offi^^^l^NRZmm 

mm(om.(DtL^±.i)^^ fz-^Tt^v !^.x\ ^ti 

[1**11 3 1 N R Z (Non-Return-to-Zero)Bi^{t-^^ 

Zmmm-^^R Z (Return-to-Zero)^m-^{;i'^^i"5¥- 
1^ ^ ffi X. m 4o V ^ T . 

u y ^ ^</\y:^it-^^^±-t ^ 1^ cr y^y<^u^^m.t. 

>'^Vbm> KNR zmmA;^ft-§-^A;^ ^^I^NRZ 

mmm^(7)ffii^i^NRzmMft-^i7:>f4^-^fa:^ 1 ^'^ h 
mm ^ "^fzit^t (Dmm^^m^u(Dimi:mW}tti:b-r^ y 
■yn-K^i^^. NRz-mnAMt^t-yv \'^^ri 
tzmwiNRZif^^Atiti^x. i^Rzmn.AJjit^t 

y'V =3- K^nfcll»)NRZ{t-§-<7)l^mWOfiI^^®JtB 

ft-^^A;^i: LT. m^mmn^mmn^\ci.fz^^^^x. 
2 -Dmrnu^^m-t ^ X ^ . m%it^ ^ y ^ itAMt% 
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[f**ii 5 ] N R Z (Non-Return-to-Zero)^M{f 

A;'3-r'5STi:. :La:>Atlim^^^hAti^Mzm^NR 
Zm^ft^^R Z (Return-to-Zero) Tfeff-^t-'SI^'^"^ ^ 

10 $k^mK.tz^i^'^mm^i^^^x. 

^-^Atiti^x. ^ y ^ mn.it^\^w\n\^fz%^ 

y^^jVzz.iyY'^RZmM.Af]it%-^Xt^\^. ^I^NRZ 

mMAt^<D\%}i m%^Rzm;m^\t%m^%m.^ 1 ^ 

^) ^^Y^^h. nRzn^m.AMt^h'^') ^-v^K 

/-c^ibNR Z^t-S-^A;^?^ UT. NR zmmA;^m^<!: 
20 -f^)^— K^nfcMfiNR Z{t-^<7)|feaS<^^SSrM»JttS 
;^-r'5 2 0(7:>M»I^Sfir^-^^l^^. 2 0(7:)^^i^M®]fra 
'mt.^^t^^<0%^m(0%fS:^ 2 0(7)!^a?Sf^-^^i::NRZ 

i t o ^ N r7 J p ^ ^ tt 9 < "7 i 0 ^ ^ m ;^ r 5 ^ "7 ;!j p ^ 

V.fzt^-^X. 3 ffi<7)/N VtW%'\^^<nm 2<DU 
^ 1 ^ 3 CO u^;\^{zy^^t^'t^%^mm^t^ S^t^ ^ J: 

5Sig'^ll§^S'^tpft*«i. 2. 3. 4. 5 (7) t> tote 

[ If 7 ] N R Z (Non-Return-to-Zero) ®^jt-^ ^ 

A:;^-r'5A;^i^g^i:. :za:>Af}y^'=f-i)^hAti^Mzm^ 

NR Zm^it-^^R Z (Return-to-Zero) ^it-^t-'^^-^" 

^^^t i:m^fz%Bimmmz.^\^^x. 

mt^^^-r^rnkf,-^. ^ n y ^ {t^\z\^tzi}'^^xmm.% 

(oit^^m^m^^(o\k^ti%it^^\^Rzmn.it^\^\^tz 
40 i)^^^x%^^m^m^'uow>2co%^^^mm^fkt: m% 
NRzffim«-^^A;^ \^m%nRzm%it^^(D\^tm% 

f&wf^sfpcofiit- \.fzt'^^xmt^^2<D%^t^&^m^^k 

[0 0 0 1 ] 

50 x.-(jm^\tmm.\^M-t^. ^^m^-xm^iRz^it^-mm 
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[0 0 0 3] rof^^^ii. {t^:7;^--v':y h(C^^< 
•f '5::^;0^^*ObiT^Tio*9 . R Z (Return-to-Zer 

o)it^-\t. N R Z (Non-Return-to-Zero)^t-^JCit-<T^ 

L 7t o ^^0glb^ i c i -6 26 ?K ^ k S 'B 
-5 ij fc 5 :i ^ fB^ ^ tvr V ^ ^ o 

[0 0 0 4] ^'JX-f^5CS^ : D- Breuer et al. , Compariso 20 
n of NRZ and RZ-Modulation Format for 40-Gbit/s TD 
M Standard-Fiber Systems, IEEE Photon. Technol. Le 
tt- vol. 9 No. 3 pp. 398-400, 1997"'T:^fi. 1 . 3 u 

b i t/" s{c:j^\^^XW^^m^Mi:'^^Si^U^1i&:kX^^ 

: R. M. Jopson et ai. , Evaluation of return-to-z 
ero modulation for wavelength-division-multiplexed 

transmissionover convention single-mode-fiber, R. 30 
M. Jopson et al, in Tech. Digest ofOptical Fiber Co 
mm. Conf. '98FE1, p. 406-407, 1998"-Cii. 10-Gb 

1 t/s 8&fiWDNHS^^(^*51/^-C. RZft-^-flNR 

t7!)'^M^^^^7sk^tlX\^^^o ^tlS:Sk : A. Sano et al. I 
EE Electronics Letters Vol. 30, p. 1694-1695 199^T- 

[0 0 0 5] t^oT. i«5l7t:{H^i/;^X^-rii. RZlt 40 
[0 0 0 6] \%^<r>y ir — -^ V h7:>5RZ(Return-to-Zer 

o) T -6 Tt^t ^ fii^ i" 5 * ^t:^ *e ^ g ^ [1] 

2 8*3J:t/2 9iC7j^i-o 112 8fi. A;^^n7tNRZli 
^{t-§-;OMMRZ/RZ '^^111^5 1 {Cjol^TR ZSm^t 

%^^Mz.RzmmM%\^^ *9 R zpt^ss^i^fff 5 0 

SiEKb. %m.^t-h(Dmm. (CW) 3tS:^^PUTRZ 

3t ^ ^ -r ^ tn fo ^ o 

[0 0 0 7] 13 2 9 (i. "iT. A;^^tl/:iNR Zmm^f 50 
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ll5@<7:>NRZ7fe5£;S^S^PI§6 OX:'^i!l5;0^bcoii 
m. (CW) 3t$:'^I^L.'CNRZ3t<t-§-*it^-t"5o 
id. A;^^tL7tNR ZmMft-^Cei^^i^i^ : B (b i t 
/ s ) ) {ClWl^ Lfc A;^ ^^y^ \%% (JliSm : B (H 
z) ) ?rffil/^r^ n ';/^3t^jS^PfsiE®il°lSS6 SiCJ: 

ll5g<?:>NRZ7t5SJSa^P§l6 O-C- 
^lS^tLfcNR Z^{t-^7!)^b. RZ7t-^t-^^^/^^bTl/^ 

-5 (i^^'jx.tf. A. Sanoet al. IEEE Electronics Letters v 
ol.30,P. 1694-1695 1994) o 

[0 0 0 8] ^7t. 1#§3^8 - 2 5 4 6 7 3 ( : if cr 

^-r'5fci60;^ft,k^e) mJ^^USP 5, 6 2 5, 
7 2 2) (Method and apparatus for generating data 
encoded pulses in return-to-zero forma t){C:iol''»T 

2^S^S1#t±c!: Lr^ij^ L. 2ffiNRZmmm-^^. RZ 
3tm-^{C'^t^t- '5t»i^!c;^)^^$:}^TV^^o 2'fi:NRZ'B;^ 

[0 0 0 9] 4fc. :^ CI :y^Sm{t^^^jb. 3fe:J^t3:yi^ 

OCD:$:S^^;lL^6^:^^TV^^o S:i/c(K. Iwatsuki et al. 

"Generation of transform limited gain-swiched DFB 
-LD pulses < 6 ps with linear fiber compression an 
d spectral window" , Electronics Letters vol. 27, pp 
1981-1982, 1991)td(i^i^^^*T-^ X^xm^^^^ 

— if (M.Suzuki, et al. "N 
ew application of sinusoidal driven InGaAsP electr 
oabsorption modulator to in-line optical gate with 

ASE noise resuction effect" , J. Lighi twave Techno 
l.,1992, vol.10 pp. 1912-1918" ) t^ltiCWfgJi LTV ^ 

-t^Jj&. iCfifc(K. Sato et al. "Frequency Range Exte 
nsion of actively mode-locked lasers integrated wi 
th electroabsorpstion modulators using chirped gra 
ting" J. of selected topics in quantum electronics 
vol.3 No. 2, 1997, pp. 250-255) {Cti^flft: ^ — 

[0010] 

^m^^^ 4 B «±({5^i$JK : B ( b i t / s ) ) *9 . 
URZ%m'^^i^<D2m^y.±t^j:^o rco/ci^. NRZ 
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«(c i 5 <t R z ^m^-(Dytmm'^m^^ n r z 

[0 0 1 1 ] ^fz.. m2 sic^i-v^Mmirm-v^it. mn 
^ -e N R z mnis^-^-' hRz m%m^i,cmu-f- ^fz^(o 

R z ^^^Amm^mm^m ^ 2 1 . Rz^^^m^m^^ lo 

OtiCg^L. NR Zm^ft-^T'i^vg/e^^iS*/:* 2f^ (DC 

7!)^^2B (Hz) ^-r-)<^/z^^i|E4^'l47ii^i^^^Tfe«9. {5 

[0012] H] 2 9 (^.T^-rtz^*i^'JS#fT:'fi. Tt^^S'^P 
^^mN R Z 60iyJ:U<^D:y^ pt^SS'^l^ 

§i6 l<D-^^t»^^/^67)^^. mmkX-\^ti^f\.^RZ 

%\t^(D s / N ^ N r z 1 m%.m. (Cji^^i- ^ 

j^^scoiti;^^ 6 — 9 d B^lJ^it:A:i-5i^^^;5^fe 20 

[0 0 13] ^/c. t**iJ^tf-C'{i. v^-fi^co^g^^^/^ 
■c^>. ^^^tt^RZTtd-^co'SP;^-^^ h>'i-{c^M3t 

co^^-Y y ril)iK^^'^^L^{::± n • B (Hz) XM^^^ 
h /i-^j^Oo :i coTti^e^M T ^ ^ti^m-^-y< 

T'fi. mmy' V y\-T (sbs) icj: i9r^fiI6^(c::7 

o3tjiliK^^*i^ffi:^LTS B s(;iJ:^5tA;^/^'!7Sij|5g 

[0014] ^tz. RZ^m^iZit. ms I Cl^-Tct 9 

(c. !; Tili^^i^c^ (f c) Ti^^j^Tti^t::. R 

Z^<t-§-;:^-<^ h>'HSS;!»5iS< . RZ3tm-^;^-<^ h/i^ 

^^S^7)S;^^S^^^2l::^'y /i-T^t^SL (SBS) (ci^ra 

m^^mtm\^< t^i^Rz^im-y^'p j:^)M\^^mmy<'^^ 

yr^y<\^\^At}^^t. SB s\z.J:^ ztihcD^^^S. 40 

X.(i> H. Kawakami et al. "Overmodulation of intensi 
ty modulated signal due to Stimulated Brillouin Sc 
attering Electron. Lett. vol. 30, No. 18 pp. 1507-150 
8, 1994)o Sfc. :itlh(DRZ^m^-^^^^m (WD 

M) Ltzm-^iat.. ±\t^:^^^ hJ\-^&(D%\^^U''7^t^ 
4^m^^ (FWM) ^SarLJ,<. /J^^lT'x^!; v- 

[0 0 15] ^h\z.^ ^i^m(DRzmm.it^^^(D^^m 
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(0 0 161 ^y.±m^fzXo\Z. Vt^mj&Xit. RZ3fe 
{t^^ifetCij^>^/^7t^-^^ ^y^^i|Sc75^NR Z^t^t^icht: 

9 lE] S§ ^ * ^ ^ /if r z smil ^-i^^^ 

iS#:li«ilcot^:^7}^i^^^M<l:/^'5::^. 4 7t?S?^'g^ (fw 

[0 0 1 7 ] ^(7:>J: 9>i=N^*tc:tTt>tvfct:>0 

^ B ©it -T?^ ^:it^-x^^ ^{^mm&^mm-r ^ 

^iWc^-r-So *:^0Jf^. A%m%^ (FWM) 
[0018] 

itjfSN R z mnm^-^ R z Ttft-^ici^^-r 5 <t 
NRzmmmnm^-<Dmt si^nr zsKjSMit-^-co^^ 
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[0 0 191 S/cA;^NR zm^it-^T^^v^^^^Vu^V K 
[0 0 2 0] Z.(D^o\Z.^ NR Zm^it-^^T/y X 

[0 0 2 1 ] ^^(c. ^S53Mt^^ffi'/^Tv^^/c^i6^iS:e 

^^5>ft?i<^c^«9. RZ3tit^;^-<:J^ 

^yy/ur^tfeSL (sbs) L#uMg:^j(g.t^L 

^(DRZ^ NR Zi^^-Cfp^^i:/^^ 4 7t&y^'^ (FW 

X\^^^fzi^. ^mi&^^Wi^{:i X ^-^yi^^y^ 

/cffi-^fi. /^V^;^:I^>y v^(7)m^c^ D^5^c7:>^Si^fi^i'*{cJ: 

[0 0 2 3] :*:|g0^(7:>t> LT. mltS^I^ 

-r5^l5(i. ^^i^NRZttmif-^;0^(^ft^-t-'5^ n :y^m 

(bur. ^^f^>^ CI :y ^m^m-^t-IWlfi^U/cTfei^ n :y^^y^ 
> KNRZmmA;^ft-^^A;^L. ^I^NRZmmif^ 

cOfe^^^l^NRZmMit-^or^-^fil^ 1 t':y hSM^i^ 

tzm^-t(Dm^m^m^u(om^mmiM:^-r^:fv k 40 

Rzm^^Atjt\^x. NRzmm.Atim'^tyv^— 
}'^titimw}NRzit^-(Dmmm<^m^mmtti:h-r^ 2 

t}tv.x. m%mmt^mm'\^^'\^L.fz.t^^^x. ^t—m. 

{ix.^lSiS:<!:-r^r i tr-#5o so 
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[0 0 2 4] :$:^0>^OS7tt. 9— o(7:)t#^<^ LT. SSfe 

^^f^iMRZfl;mit-§-?5^f^Wi-^^ cz :y 

yuro- KNR ZS^A^^-ft-^-^rA;^ ^^f^NRZm^ 
ft-^^^ffit Sf^NRZmm«-§-C0W^M^ 1 t:'":y 

-K^i^<^. mn^NRZ'mm.A:hm^'tmmyv^'-i'^ 

^tifzmW}NRZm^^7<t}t L.X. SI^NRZm^A 

:hm^-tmmy''v :=^~- y^rhtcmW}NRziB^-(DmmM 
(DU^rmm^ti't^ 2'0(Dmmt^mmn^^^t. 20 

n^itNRzm^-coy<ymn^rroy<yjjm-^^-^x:^ 

t'^mTL^xni&.ii-t^z.h^x^^. 
[0 0 2 5] LT. ttjfB'S^-r^^ 

ik(n^ti%\%^^nRzmm%%\c\^fz.t'^<>x%^mM. 
^Ati L^^i^N R z mnm^(Dmt si^n r z smit^ 

^m^^m^t^^:ithx^ 

[0 0 2 6] 

[%m(omm(omm\ mn(om:m(omm^mi. mi 

0. [112. 112 0io^J:I/I112 6 ^#93 LTIAP^i-5o 
[0 0 2 7] m 1 2 fi. :^%m(DW> 3 HiS^'JcO^fii^^ 
[0 0 2 8] *:^§^cO|| 1 ^KSi^'ifis m 1 fCTR-Tct 9 

fc. NRZffi^{t-§-SrA;^i"^A;^^^ 1 4:fcctl/l 
4' r(7:>A;':iiS^^i 4:fcJ:t/i 4' 75^ibA;^$tL/:i 

mmNRzmnm^^Rzytm^^z.mi^-r^^$^t^m 
K^fz^^mmmxh^o 

[0 0 2 9] rrr% :$:?^m<D(^mti-^t:z^it. m 

m^^-t^^mt. A;^^«^i 4*Di:t>^i 4 ' yj-hA:^ 

^tifzNRz mw}mn.is-^-^ si^n r z mW}m^it^-(D 
ftt^^i^NRZMKsmit-^^or^^M^ 1 ^y hmm^ 
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[0 0 3 0] :^^m(Dm 2 (ommm^. mi 0 Kfr^-tx 
7 1 $ nTtsu tSiN R z mn.im^-^ kz% 

[0 0 3 1 ] *li0^co#m^-ro<t r ^fi. Stj 

KNR zm^it^^sf^NR zm^fH-^^^fi:^ ^ 

[0 0 3 2] ^^m<om 3 cO*J£^y*i> Hi 1 2 J: 

tit^^S 1 :^^^A;^^tL7tBuf£NR Z®^{t#^R Z^t 

[0 0 3 3] :^^m(r>W\WLtir^tz.^\'^. m 

K^I^-r^^Sii. ^^I^NRZ®^ft-^7)^l^,^-r^^ C3 
-t^^ ^ ^^J'^^^itW.S 3 iyViZ/UJiV KNR Z 

l:mA;^j1t-§-^A;^ ^^I^nr zm^ft-^^7:>ia:<b ^^l^ 

NRzmmm-^fiof^-§-ji:<ir 1 vm}&^^tz\B^t(D 
iimm^m^o:>m^mmmti-ir^-:f') k^i^7 2 

NR Z«^A;^m-§-^:/y K^:n-7t^R]NR Z 

{t^?rA::^<!r LT. NR zmmA:;'3{t-^i: K$ 
tbTt^ffijNR zit-§-<50iiii|gcoM^Sil)ta;^i-^ 2 0C7) 

Hiibl^Sffi?? -§-^1^ 73. 73'. 82, 82'<Jr. S 

K^^n:y^3t^t-§-^A;^i: UT. ^t%mm%^mmn^ 
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[0 0 3 4] *^9^CO||4CO^j®^'Jfi. (li2 0(c^-fJ: 
^(c. NRzmmft^^A;^-r^A:^^S^9 1 ^co 
A;^^-f-9 1 7:?^^A;=^^tLf::SijteNRZmmm-§-SrRZ 

[0 0 3 5] :i::-e. :^^m(oW\Witir^ tz.^k%. m 

10 le-^^i-^^i^fi. ^f^NRzmmit-§'/5^(^^-r5^ CI 

SS86<^. ^^I^i^ c :y >^1;mit^^A;^i: UT. ^^I^i^ 
D :y iJ^m^ft^tcl^^ L-fc3ti^ ^ ^ /NVU';:^it-i-?r^^i 

D :y ^/^Vu;^^riI8 3 . v/V^^Vv^V- KNRZ 

uKzmm.Ktim^t':/') ^-v^ntz^mmi^Kz 

m^^XtitX^X^ NRzm^A;^^^-^-*!:::/^ 
20 nfcMiftNRZ{t^(^f^SfI^ii:^^S]tH;^i'5 2o(7:> 

HSbl^^fS??^^^ 8 2 . 8 2' 2ocOSI^II»3ti 
mn^fkt^h(0%^mcO%f^^ 2o(Ol^ll?S??-^'ft:NR z 

^1^100, 1 0 1 <t. Sf^7fe:^^c2:y:^^^ft-^^A;^<i: 
L-C. ^^f^/°y^P»7^-^{c:b7t7i^oT. 3fi:co/N-C7;^JDS 

2 CO U-<yU$r ^L^t-''^' !7i3D»:??-^^t/T «9 ^ 
>''?yJDP^??-§-C0||l i:^3(Dl/-<>'i-tC^/^:;-r53fe'^P& 

^%^^S.mM^fkx 0 2 <t .r_-5icfcs, 

30 [0 0 3 6] *|g0^O^ 5 ^J£0ijfi. [H 2 6 t:::T^-t- J: 0 
ti^^l 8 7J)^bA:^^tb7tSutBNRZ«mft-^^RZ3t 

[0 0 3 7] :^mm(DWi^t-t^ t ::L^i^. m 

^m^tc i.ti^^oxmm^^^ii^A^m^rf om\(oit 

llt&3 l<7:>iii;^3t'ft-^^NRZffim{t-^t-Ufc;^^oT5fe 
^^S'^I^^tT 9^2 0O7t§*gr^P^I^T*fc 
40 tg32<h. ^^|^NRZffl;mm-i-<^A;^L^^I^NRZmM 

m^oiit<b^^f^NRzmm^t^coff-^ffi^ 1 tr''> vm^ 

jv:;^m^n-f-o (om^mt ^ 4- ;t 5 s^i ^^p^i^ t 5 

[0 0 3 8] 

50 /cNRZ|IS[]mmft-^=&A;^Sg-^l 4 joJ:LKl 4 ' t^h 
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A;^L. ^^y'v ^-v"^ >i:f^titin^itNRzmn 

Z Ttlt^^^^-r ^ push-pul ZT'COM a c 

h-Zehnder ^liO^fef^^'^ilgi 4 t . 

^ Lr-t#/5K$nTbi:v\ ^7t. ^2tc:7'y =1- KlEiSS 
2:ioJ;I/2' cotSjSc^^-To *:^0^co-7^ y n - K[h3^ 2 

[0 0 3 9] ::::-c% *^p>^<7)*iJ.#.^Ifte>^-r5o :^^^M 

OflJ,^Ji. i^T(50 4.^.Tfo5o 1) NRZmmit-^^^^ 
^ V NiESfL^tM^ -^rfe ^ T^^o 3 jSit-^ <Jr o T I ^ ^ 

(Hz) -i:^ti*i7)^^tg^?i5o 2) t^*(7:>R zmmm-^ 

2{§J[^±^^ie^^^;^^fo*9x -^-^^{-J:oT^» 30 

i" ^ ^t^^S^^l^tff 4 co^ W T >^ Sr-^- mz- J: o r *i 

i/-C/i.^t!j7^^/^< itS^OPn^li/^^ftl^^tL^o 3) 

h o push-pul 1 ^ :7"C0Mach-ZehnderM (T^^T^^^S'^Pt? 
4COji|S«^^<^fflm7fe/^^^#t4^*iJffl ift^-^.^.^ UTia 

fi 71 fz^-fm^j^ ^ . r^-i-'ikN R z mmm-§-^^me^7:>Az: 



40 



yi:^mmXB (hz) ^m^^^:^t\cx^i^^ 

it£y</\^:y^ duty cycle;)^l/2t?'c^6o ti^^ 

J:«9. ^tJ5S:^:h.itRZ3tla-^^«f^2B^/^i9. -Stg 50 



1#F53 2000-106543 
12 

n^tU;^^^!^ tNRZ'^PB#^i^^(C-T:#5o 4) (US 

(i2|s:^B>g<^7te3i-^StcJ:5RZ7t^t-§-<7:>:)t^-<^ h/L. 

RZ^ff-^{^. fl5{C::?r:-ri 9^-. "^-^ ^{-<t ^"f^t 

/i-«S7i>^S^*i?'i^R Z3t1t-§-:^^^ hyi-^m^^^i&< 

<Dm:km7^^^mMy V >^^T i^m^i (ses) {cx^mm^ 

tJ&5K<ORZ. NR Z{Hi^T'Pp1M^'"io7t 4 3t2S?«^ 
(FWM) n:^ h — i^Oi$#^fg;i^-r^r 

[0 0 4 0] -^^mcom 1 *j5£i^j'^7tei5g36^B^ffi'/^7t 
Gb i t/ s{z.^^if^\tmm.^Rz\t^Bi'^u^(omf& 

m%m^\t.. ^^^tx.-y'^v ^-v^^ 1^^x11' id A 

Yy<y^y ^ 2^X,XI2' (cj: f9 Bija!LfcSS55*^l^i- 
'S^^tv^o Z,(OWMt^^-t%m^'^3^X.Xl3' 

ig»)[H]S&3 joj:t/3 ' (7)m;bft-§-tcj:or5S^^i^^H 
-60 . Tt^SS'^im 4 (7:)a:i;^i(i7tti'i'Sti 6 (c J: o r tg*!^ 
tt. eillSSl 2tc<fc«9Smffi)Jt-fei^^n^o smmijTr 

[0 0 4 11 WMt^'i:^f&'t^^<l^ \^'y<>^ y ^ 2 

XI y ^ m^WiB (Hz) (:^*5tt5) ^fflv^r^^a 
#/3c-e#^o it^^mum^ 4 (D^mm^ S 

G H z T*fc ?ie*mixScO*^*5)'C0^«-C- 10Gbit/ 

[0 0 4 2] mi ^^^^m(o%\^'&^^m^^^^Rz%m 

^m^\/2^ 1/4. 1/8 ^'^Mb^^-^T DCU 
W W» iHl Sg :b ^ ^ R Z 3g it -C 

[0 0 4 3] in 8 (i:$:^0>^i7)^^^^igMt- J: ^ R Z %\b 

%<o%y^^i; h7UjoJ:W-**F'J<7)3teill§^S{-J:^RZ 

pt^t-^^Tfe;^^^ b/u^^i-d-c-foSo 1ll#i-tg>fJ-MltS 



( 8 ) 

13 

Zit\t^'ktl 0 0 0 p s/nmT-fc'5cO(Cl>PtLT. 
P^fil 7 0 0 p s /nmXh^ 1 . 7 <b o TV ^5o 

[ 0 0 4 4] 2 ^J^E^ij) 2 ^J^l^ij^d 1 

[0 0 4 5] ^S<b$^fci/>'i>Vt':n> KNR Zm^jf 

:JoJ:T>*2^ tSS^Mf-^*. 3¥:5S^'^P^4 coigKmffiS 

-t-5push-pulli5^-<:/(7:>Mach-Zehn(lerSt7:>^!*i^^I@:^ 

4i. ?t^^it^^PI§4(Z)tH;^^tif|i§-r5 7tttil)If^6 J: »9 

[gj 1 1 \C7r^-tX 0 mi^m^'mu 7 ^ XXI \ \fy 30 

^c^??-^fbNRzffi-^S:ai;^Tt ^ J: 9> 
[0 0 4 6] (^3 mi&m) 3 nffi^'fj^ia 1 

^(ny<^T:^mM^mm-r^mx^^, mi i7(i 
10 0 4 7] nKzm%\t^tmm-t^^ 

^ u y<j\.::^^MS 3 i/^'^J^Vumv KNR Zm^ 
i/lElK7 2t. A:^NRZS^it-§-i:7^!; KNRZ 50 



^#53 2000-106543 
14 

m%\t^m^m.m^^::-^j:ommt^mm (and) 

8 2. 8 2' t. ^^m^wm\hf}^mwi\hti'r^mmm 

[0 0 4 8] ;$:ffi^Tfi. m^[Hl8S(C:fctt^iS^^^^T 

2iitNRz{t-^T'f'^^. mn.^k\z'^»^3mt^■(o^m 

^l^'Jy ^ ^\^m-t^::Lti)'^-^n^X^^o A;^NRZl; 

^•(t^^:/y KlH]Sg7 2tcA;^ A;^NRzmm 
o^S]:/y m-^^bNR zdi;^B 1 . B2^x5c 

ANDIh1£S8 2, 8 2^ tC^^V^T. A;^ N R Z Sm'^t-i- 
A ^ >^ ^ =:i — K?? ^{t N R Z m:^it-^ B 1 . B2(DW^m. 

(AND) ^^T^) A;^NR z^'Mit^^' 

1211 2i^. '^niti 8 4 <^ \^xMzm^^s.mm^^ 
2-:>(D%^mu^z^tw^f\.^t^m%m^■c2^ c3 

Hgj'^^lHlS&t;: J:or MifetfcJ:;^iD 1/D 2 ioiU^D 
3/D4tc:^^^^tL. mi ^\z.fr^-tX.o\zy<^T:^^fi 

fz(D'h2-o(r:^^mtU^p\xsh~^\xlimf&X^1)W^th^o A 
;^)NRzm^m^'^tc-^— ^ t':y Yf)^K:h^fL^:::t 

(c. and[h]^8 2. 8 2' 7!>^5cS{c:rf^t. W>i(0^m 

utm2(Dm.mut^^i^\z.mm^f\^. 'i^^t\-.xmx(o 
mt^x^m^fifz,Rz^m^\fy Y<Diim\'Xn-mx\^^ 

[0 04 9] m 1 6 3t5fiit^Ii^ 8 4 0»J{^>'<'1' r 

^ L/c^i?S^^"^7:^t><t:tc. |gl:JoJ:t>*m2 0'SI^giS<t{i 
m^&^iC*6^^ttfc/>-^ T^Jt?— h 8 5 ^ii LT 2 o3t 

S§ i?:) b t!) ^— :^ ^ < T ;^ ^ f n;^Di- 5 o 

[0 0 5 0] m 1 7 8 4 COSbf^/^-f T 

:^Sr^^■t■5!§^JcOt«)5^c^7FLTV^5o lEl 1 8 t^^^-Y 

^|J^^P[H]5§^7^S^ft:6^ffii7)c^7FLT^/^5o :^ 1 9 ^t'^ — 
^ ^-^l/j^^ttii-r 5 o — y-?^ :7 /u^ Ssg (LPF) 9 

4^:^^LTV^5o [117T*fi. |g 1 O'^Mgii^I/^ 2 CO 
^PSi5<7:)iE®]lH}5g 2 1' RXf2 1" (DSiit'S^. ^^S^.^ 

^m'^^xum\zmmi^fz<D-h. ^-^m^m^s A^^^m 

i-^o ^^it^^f^§5 8 4^^^PL7tRZ^'SPm-§-(^-§R 

'^^^M:i(D-h%mm.u^^^kxm%\B^\zm^^f\^ 

6o Kv--*:^ B P F 1 :ioJ:U^B P F 2^cjo^/^ 

#fc:Lfc^t. ^-^-f T^$iJiipiH]SSl. 2 (8 8. 8 8' ) 

ii> t to^IBJaiK^m-^i(S9 o<7)^^p{ifflt^a{t-^ 

9 1 (DitmcDilin^t^X^^^ 2X^iti't^:LtkCX 



( 9 ) 



2000-10 6-5 43 



15 



16 



u t y c y c 1 e(Dmt^n^.l^r. (2 1 8tCj3(t5 

[0 0 5 1 ] 4 mmm) :^mm<Dm 4 mt^m^m 2 

0~2 5^ffiV^Tt^.P>^-r'6o (2 2 0{i*^P^<50m4^JS 

2 3(i. ^;^9^com4CO^i£F'J^^ei^Se^^^^'^ 
m^kTf^-tmx-h^o (El2 4fl. :$:|ie^co^4 0^itEM<7:> 

[0 0 5 2] :$:mf&Xit. l^^y y ^ (D^t < ^Ji^^it^^ 

tby 1; =3— KT^^>ft:NR za:l;^B 1 . B2^^5o AN 
D[HlSS8 2. 8 2' iCjol/^T. A;^NR Zm^it-^A^ 
y y n - R Z Hm^l^B 1 . B 2 (D^S^ 

(AND) ^np^i:^-^^. A;^NR zmm^t-^4^^- 
-;J.-->J7 \f.y h75^A;^^tb5::'^t-Si^ft?i?S^t^tti;^^ 

-So fit's C 2aj;^m^{^s' '^f^NRZm^^H-^A;^!:: 
>PJ-L-C. f^S7!l^SeUTV^;5„ 02 Ot^. imm.^m^ 30 
10 2^ LTMZM^^S^^PIS^ffl^^/^^'^^ 

1. C2. C3. C4(;i. ^'??7jD»lHjSS 1 0 0. 10 1 

(:iJ:oT3iii:(7)^©j^^!7:(jP»tH;^m-§-D 1 ' D2' 

^^tt. [2 2 4ic^i-ct 9{c.^<-rr;^^ix/'c(7:>^^^pa^ 
0 2T-(1. ^il3/^7;bP^d:l;b1t^co^2(Du-<yi-S:^''L^ 
®j/N!7J!jDSad;^it-^<7:>l^ 1 irl|3<7:)u-</w{c>c+^^-r^3t 

[0 0 5 3] U 2 1 (i^'?!7J!]D*0S& 100. 101 SrS 

R^5 0^-A(cil-S;c<b(CJ:'9 6 d By<Ul}mt-'T:^ 
(2 2 5 it. )t5^^'^I^§il 0 2C0i<i<^^<-rT:^Srfo 

4ry^^— h 1 0 4$rilU-r 2 07t2*TSS&<^F^^'"^bb7!)^ 

— / < r ;^ ^ f n Jd 5 o 

[00 5 4] 5 ^j&sw 2^BP>«<7:>m 5 nrnm-^m 2 



?F^^^i-(2T*fc5o :$:5l?^(^^5^J5S0"*itrfi. 12 2 6 
g'S^ll§§3 1. 3 236j:mfrtSS£Pi^4 Ot;iJ:^5^T9F'] 
[0 0 5 5 ] 3ferig5;!)^^a:i:^^n7tim^7t{i3t^^^^i^ 

fooNRZm^^t-^tcJ: »9eSi^a^P^tv. il^^^RZ^t 

KlHlSgl-C\ (2 2 7tC;T:-rJ: (D.-^O ^ 

ti. C«D??^^t;NRZmmft^{-U7t;^)^oT. 12 3 0 O 

f 1 5c S 7)^ 7c S 7i o R Z (t $ 6 o 

[ 0 0 5 6 ] 

Lyc;6^oTSB S\^^^y r ^ ^^'hTs'h^^'yUl^. 4 

[0 0 5 7 ] -f^^^t^-^b. RZ7tm-i-^it{-i^::^M^^7t;^-< 

igJ^Bl^it-C^^^-r5:i^^^-t:'#5o SBS{C 
ct'5 7T'<>'^I^^A;^/^"!7SiJ|5g&*:K6^ic[^< T.}i1y^-r: 

Tii^Tt^v^ 43ti^?I;-& (FWM) icj:5i:7n^h- 

[(2®(7:>ffi¥^<^t5iP>^l 

*ll^l2o 

[[2 3] T^^P^mi^ife^'J^Tt^^ii^^^^^^^^ff^^ 
7r:i-|2o 



( 10 ) 



17 



[0 4] ^^m<o^ii^m^m^(Dmi'f^mmT^r:i^^(o 



[1119 1 *^e^(^tS3fe#-yi(7)^ft^^ifeW;^^^i-[iio 
[11 1 5 ] ^^mcom 3 ^j&E^iJ^7:>3t^SS'^P^c7:>»jft?r 

([HI 6] :$imMcom3mm.m<^^^i^j^^m^(^^<^r 
[Hi 7] ^^m(Dm3mmm^yt^^&^m^(o^n<^y< 
[HIS] ^?^m(DmsMmm(D^^^&mm^(Dy<^r 

[HI 9] ;^^0^(7:)||3^M^ijco-x-— >:7^^i!]^1ttlilH] 

[1112 1] :^^m<Dm 4MM^i(7:>^<'y^u^\s]m(Dmf&^ 
[iu2 2] ^mm(Dm4MMm(DmW}-y]) k[h]3§<7) 

[m2 3] :$:|§P^co^4*JS^ij0O*ei^i^M(7:)#a5c^V^ 

ff^^vi^-rHo 40 

[132 41 *:|iPJcO|g4*}S0ijO3t5^g^Pt5CO»if>^^ 
[[112 5] *|g0^O»4^J£0'iJ(7)5fe54iS'^Ii§5^/'^'l'T 

[iij2 6] ^mmn5^mm(D^&m'^m(Dmuy^ y 



' WfM 2000-106543 
18 

m2 7] :$:mmm5mmm(D^{E^ms:<o^um^'i& 

[m 2 8 ] mM(D±i^m^^w:(omf&^^-r^o 
[02 9] m^(^^&^^^M:(omf&^^i-mo 

[US 01 t-e*'^ii03fegi|^yg«{cJ:^NRZ3t'(t^;^-< 

^ h/^^.i^i-[llo 

[113 1] v^^mco^^mmm^i^x^Rz^it'^^^^ 
1.1' KiHiK 

2 1. 2 2. 2 3 g[ii 

3 2 



2 
3 
4 
5 
6 
7 
8 
9 

1 0 
1 1 
1 2 
1 3 
1 4 

4 0 

5 0 
5 1 
5 2 

5 3 

6 0 
6 1 
6 2 
6 3 

6 4 

7 1 

7 2 

8 2 
8 3 
8 4 

8 5 

9 0 
9 2 
9 3 
9 4 



HS-Dtl- 



2 ' 
3' 

3 1 

1 ^ y hMM\Bl^ 
T y'r^- — ^ 



1 9 A;^S^ 



14'. 18 

NR Z/R Z^jfelEJ 
R Z3fe3*iS'^l^§5ig®!jlH]3S 

N R Z 

N R Z ^^^^^SiltgiE®]©! 
8 1 v'>'>:7^Vuzii>' KNR Z A;^if^^ 

^iHlSS 

{g;*^3la§:7^yUi^ (Low Pass FilteriLPF) 
10 0. 10 1 y<Ul)W%^ 
10 2 Tt^SJS'Xllti 
10 4 T;=^Hl*DiS^ 



( 11 ) 



#B3 2000-l06i>43 



(mil 



112 2] 



14 NRZ 



Data 



nita 
14' 



NRZ 



r 



2 



TU3-K 














2' 



3§Bii]{o]^ 





3' IgifiU^ 



H>- 



1 f'VhiilSleISS 

8 




[[l!3l 



[m 1 8] 



AX) NRZ 



NRZ^^(i# 



RZ^fl^ 



RZ^fi^ 



1 



1 



[1151 



J 
1 



n 




fc-B I 



fc + B 



1 



10.0 



I 

(dB) 



1 



93 



J 



-<}- 



BPF 



I LPF 



90 



92 91 



[m 1 9] 



94 



I 



[@9l 




-5.0 _ 

-1500-1000 -500 0 500 1000 1500 
^ (ps/nm) 



( 12 ) 



2000-106543 



im4] 



[(17] 




1 0 -1 

mibVib mauAX ^auviu 



nm<t NRz ^m®^ 




(a) m^isW^ 









1 
















1 












r 



[me] 



2 









>l/4 






His 




Data 
















Data 


























2' 



3' f^djj^ 






Data 


I06bit/s 




1 #^ 
ATT 






CLK 











12 




[m 2 1 ] 



[mil] 



[mi 31 



1 t'^yh-iiJSlgl^ 
8 




73 



1 f^i/hil3^(°]8§ 
8 




( 13 ) 



2000-106543 



[disl 



II1I3 01 



iCGbii/sPN7 mn's-y 



1 OGbit/sRZ ( 1 0 1 0) y \'5'- V 



^8 
73 

(lOdB/div) 



-(aV- 






■ ' 


















1 

j 

r ~j 







L > V - 








r X. " 
1 














1 ( 


1 








• 1 






t 








< 1 







-20 -10 0 10 

^mm^ssL (GHz) 



20 




20 -10 0 10 20 
tg^ilSJ^ (GHz) 




fc-B fc fc+B 
[03 1] 



(lOdB/div) 



r 1 1 : 

Jl 1 7 t I 

1 t 1 ) 
1 • 1 • 


1 : • • 

1 t 1 • 

» t 1 1 

1 iV i 1 

1 1 ^1 _a 
1 — 1 — i--N*-^r- 
1 1 1 V 

1 1 1 i 


till 

• 1 I 1 

. i 1 1 — 1 1 


1 1 • 1 1 

1 1 1 1 

1 I ; I 



-20 -10 0 10 

^mm'^n (GHz) 



20 




•20 -10 0 10 20 
tiMSSlSJ (GHz) 



fc-2B fc-B fc fc+B fc+2B 



imi 0] 



NR21 
71 



2 



3 1^12)©% 




2' 



3' %gm^^ 



[U 1 5 1 



AAAAA 




/ 

mm^^it NRz 
mm,x7jm^ : d3 



, — i 




1 








d 









e 



abode 



0 n 



RZ3fefi 



mn^it NRZ 

l^XTjm^ : 02 



0 it^^m 



( 14 ) 



2000-106543 



1 21 




14] 



10 11 
_J 1 I 



B : t^J=l-H 

B1-I 



B2 



~l 



1 r 

J — L 



C:ANDlslg8tB:t? 

C2=AtB1 —1 
=C1 L 



C3=A+B2 



J L 

__J L 



1=02 
=C2 



01 =02 — j I" 



03=04 
=C3 



J L 



E 



10 10 

-1 I — 1_ 



F : Rz^^mm^ 

F A\ 



T r 



T r 



1 



(|g|2 2] 

itr-i-hjisiHi 



EX -OR 









[HI 2 3 ] 

10 11 
J 1 I 



10 10 

■n I — L_ 




B1 —I 

82 —J 



1 I — L 



J — I r 



1 



C2=A+B1 —1 r 
=CT I > 



C3=A+B2 
=C4 



— i_j I r 

J — I I — I 



or =02' ^ I T 



E 



1 r 




F : Hz^mmm^ 

^<lZli 0 



n 0 7C 



( 15 ) 



2000-106543 



im 1 6 1 




[H 1 7 1 



_,AND 



21 




-< 




21 



84 

A 



> 



20 



I 




I 

-T* 



87 




BPF 
1 



88' 



-BPF 



89 



89' 



AAAAA 



[El 2 4 1 




abode 



ff 0 «■ 



0 {%m^) 



01' 



( 16 ) 



2000-106543 



[H 2 0] 



72 











91 








A 







82 



A^^o 



C2 



B1 



B2 



AND 



C3 



82' 



100 



101 



02' 




[112 5] 




[112 6] 



18 



DATA (NRZ iS^^^) 



19 



21 igiaii^ 




^31 


A 




B 




C 






• 




• 









( 17 ) 



2000-10 6543 



112 2 7 1 



xti NR2 m^m^ 
^mit NRz 





1 


0 


1 


1 


0 


1 


0 














1 




• 














1 








— 




























1 


















n 


n 






1 








0 










r u 





[U 2 8 ] 



S3S UPKffl 













53 


51 




NRZ/RZ 




NRZ ^fi§ 








RZ^fi- 



RZ ^^fi' 



[029] 



SBS PEffl 



53 



NRZ ^^{M- 



60 







RZ^^S 









NRZ 





64 




( 18 ) 



13 2000-106543 



(51) Int. CI/ 

H 0 4 L 25/493 



F 1 



f-^n-K (#%) 



